INTRODUCTION
Triple X Syndrome or 47, XXX is a sex chromosome aneuploidy (SCA) in which affected females may have a variety of physical, medical, and psychological features. The incidence of 47, XXX is approximately one in 1,000 live born females [Jacobs, 1979] . In contrast to other trisomies, Triple X syndrome does not have a characteristic physical appearance at birth. Thus, affected females are identified via prenatal testing (amniocentesis, chorionic villus sampling, or non-invasive prenatal testing) or via postnatal diagnostic evaluation on the basis of an identified medical diagnosis or neurodevelopmental condition such as developmental delays or learning disabilities. Triple X syndrome remains a relatively underdiagnosed condition as only an estimated 10% of cases are clinically ascertained [Nielsen, 1990] . This low rate of diagnosis likely results from a combination of factors, including decreased awareness of features among medical providers, the lack of distinct physical findings in Triple X beyond a tendency for tall stature, and the variability in the presentation of cognitive or behavioral differences, which often do not reach current thresholds of severity for genetic testing based on current genetic testing guidelines [Manning et al., 2010; Moeschler et al., 2014] .
Prenatal ascertainment of females with 47, XXX is increasing with the advent of fetal DNA analysis through non-invasive prenatal screening of maternal blood (NIPT) for common chromosomal aneuploidies such as Trisomies 13, 18, and 21. A diagnosis of Triple X syndrome is commonly an unexpected finding, and practitioners must then counsel expectant families regarding this condition with broad phenotypic variability [Lalatta and Tint, 2013] . Data comparing medical features and neurodevelopmental outcomes of prenatal versus postnatally ascertained females is limited. Prior studies suggest that females with Triple X syndrome diagnosed prenatally tend to have better neurodevelopmental outcomes with respect to IQ and frequency of academic difficulties or psychiatric conditions [Robinson et al., 1992; Linden and Bender, 2002] . However, this study was limited by its small sample size (n ¼ 17) and its descriptive design. Elucidation of the presence and extent of differences between prenatally and postnatally ascertained females would equip practitioners with more accurate information to counsel families in the relevant clinical context.
Medical, physical, and psychological features observed in females with 47, XXX have been described by various case reports and case series. These studies have described features including tall stature [Robinson et al., 1979; Ratcliffe et al., 1994; Liebezeit et al., 2003 ], genitourinary malformations [Lin et al., 1993] , seizures [Olanders and Sellden, 1975; Grosso et al., 2004; Roubertie et al., 2006] , premature ovarian failure [Villanueva and Rebar, 1983; Holland, 2001; Goswami et al., 2003] . Psychological disorders including anxiety and depression, psychotic disorders, and ADHD have been described [Kusumi and Prange, 1973; Linden et al., 1988; Woodhouse et al., 1992; Bender et al., 1995; Tartaglia et al., 2012] . Full reviews of the literature of Triple X are available [Otter et al., 2010; Tartaglia et al., 2010] .
The most comprehensive studies on Triple X syndrome involved girls who were identified prospectively by newborn screening and followed longitudinally as part of a series multi-center studies of sex chromosome aneuploidies [Stewart et al., 1982; Nielsen, 1990; Ratcliffe et al., 1990; Robinson et al., 1990] . Participants across sites were found to be tall for their age and often have other physical features such as epicanthal folds or clinodactyly. Importantly, these studies highlighted that in contrast to autosomal trisomies where intellectual disability is common, females with Triple X often had intelligence within the normal range, although mean IQ scores were 10-15 points lower than sibling controls. A systematic review compiling results of these longitudinal studies showed that affected females were at high risk for speech and language disorders, motor deficits, learning/academic problems, and psychosocial difficulties, although there was broad variability in outcomes [Legett et al., 2010] . The major limitation of these studies, as is common with most previous studies of Triple X syndrome, was small sample size.
In this project, we aimed to describe medical, physical, psychological, and developmental features of a larger cohort of females with Triple X syndrome. We also aimed to compare medical and neurodevelopmental features by timing of ascertainment (i.e., prenatal vs. postnatal diagnosis) in the subset of participants age 5 years through young adulthood. Finally, on the basis of our findings, we provide recommendations for genetic counseling and medical care.
MATERIALS AND METHODS Recruitment
Participants were recruited to participate in IRB-approved studies on health and development of children and adults with sex chromosome aneuploidies (SCA) from 2005 to 2014. Participants were recruited from multiple sources including national advocacy and support organizations for SCAs and an interdisciplinary clinic for children and adolescents with SCA . Additional participants were identified by referral through genetics and pediatrics clinics at each site. The study was carried out at UCDavis Medical Center MIND Institute and Children's Hospital Colorado, eXtraordinarY Kids Clinic. All participants or their parents signed an IRB-approved consent form developed for each site prior to participation.
Participants
Inclusion criteria included females with 47, XXX with less than 20% mosaicism on cytogenetic testing and physical examination by a single physician (N.T.) with experience in examining children with SCA. The study cohort included participants seen only for research and participants seen for clinical care who consented to share clinical data for the research database. Clinical care included developmental monitoring, general consultation regarding Triple X, and/or evaluation due to neurodevelopmental or psychological concerns. Initial visit type was designated for each participant as research-only or clinical care to help with later analysis of recruitment bias. If a participant had been seen more than once for clinical care, data were taken from the most recent assessment with the most comprehensive data. Seventy-four participants met inclusion criteria and are further described below and in Table I .
Evaluation
The parent or primary caregiver of each participant first completed a comprehensive questionnaire detailing birth, medical, developmental, and psychological history. These features were then reviewed in a semi-structured direct interview. Medical and educational records were reviewed, including genetic testing results, to confirm a 47, XXX karyotype with less than 20% mosaicism. Height, weight, and occipitofrontal head circumference were measured directly and converted to Z-scores (standard deviation scores) based on US CDC growth chart data. The presence or absence of common dysmorphic features and other specific features known to be associated with Triple X syndrome and other SCAs were assessed by physical examination. Poor dentition was classified as four or more caries/fillings, significant malocclusion, current or previous orthodontia, the need for previous dental surgery, or taurodontism. Developmental assessment of children less than 5 years of age was completed using the Bayley Scales of Infant Development Second or Third Edition [Bayley, 1993 [Bayley, , 2006 or Mullen Scales of Early Learning-AGS Edition [Mullen, 1989] . Scores were converted to standard scores with a mean of 100 and standard deviation of 15 to allow for comparison between tests. Cognitive evaluation of participants 5 years of age or older was performed using the Wechsler Scales of Intelligence including WASI [Wechsler, 1999] , WISC-IV [Wechsler, 2004] , WAIS-III [Wechsler, 1997] , or WAIS-IV [Wechsler, 2008] . General Abilities Index (GAI) was calculated for all scales to allow for comparison between tests [Tulsky et al., 2001] . For four participants, cognitive scores were obtained by review of results of comparable standardized assessments administered by a licensed psychologist obtained within the previous 12 months. Adaptive functioning was assessed using either the Vineland-2 Adaptive Functioning Interview [Sparrow et al., 2005] or the Adaptive Behavior Assessment System2nd Edition [Harrison and Oakland, 2003] . Learning disability (LD) was classified as identification of a learning disability by a previous psychological evaluation by a school psychologist, neuropsychologist, or developmental-behavioral pediatrician. Language-based LD including those identified with a diagnosis of dyslexia, and math specific LD were included in this category. ADHD was defined as a clinical diagnosis in which they met DSM-IV Criteria. Neurodevelopmental diagnoses were reviewed by a single clinician (N.T.) with experience in diagnosis and classification of these disorders. Socio-economic status was calculated using a Two Factor Hollingshead Score [Hollingshead, 1965] .
Analysis of Results
Subjects were grouped according to age at evaluation for analysis of physical features or by time of ascertainment (i.e., prenatal vs. postnatal diagnosis) for comparisons of medical, neurodevelopmental features, and cognitive and adaptive testing. The subset of participants from school age (age 5) through adulthood were identified, and only this subset was used for calculation of frequencies of intellectual disability (ID), learning disabilities, ADHD, psychiatric conditions, or special education supports given that many of these diagnoses are usually not made until a child reaches school age. Further, only this school age to adult subset was used for prenatal versus postnatal comparisons of psychological diagnoses, cognitive, and adaptive functioning. Incomplete data are noted within tables, with data missing due to caregivers being unsure or unable to recollect the information. Percentages reported included only data that was definitively absent or present, thus the total n included in calculations varies between fields but is noted in the tables. Comparison of prenatal versus postnatal rates were calculated using the Fisher's exact test in SPSS. Comparison of mean scores on cognitive testing was performed using student's t-test. Correction for multiple comparisons was made based on the number of comparisons. Statistical significance was set at P < 0.05.
RESULTS

Demographic Features
Demographic features are reported in Table I . Seventy-four participants with Triple X were included in the study. Forty-four (59.5%) participants were in the prenatal diagnosis group and 30 (41%) participants were in the postnatal diagnosis group. Mean age at evaluation was 8.8 years (standard deviation 6.3 years, range 6 months-24.6 years). Overall, the mean age of the prenatal diagnosis group was slightly younger compared to the postnatal diagnosis group (P ¼ 0.07). However, among the subset of school aged to adult (5 years or older) females included for comparison of neurodevelopmental diagnoses (n ¼ 46) and analyses of cognitive and adaptive testing (n ¼ 37), there were no significant differences in age between the prenatal and postnatal groups (neurodevelopmental diagnoses: P ¼ 0.33, cognitive tests P ¼ 0.83, adaptive tests P ¼ 0.31). There was no significant difference in SES between the prenatal and postnatal diagnosis groups (P ¼ 0.14). Most (89.9%) of the participants were Caucasian and non-Hispanic, and there was no difference in proportions of race or ethnicity between prenatal and postnatal groups. There was an equal distribution of participants recruited for research versus clinical care between the prenatal and postnatal groups (P ¼ 0.35). Preliminary comparisons between the research-only and clinical recruitment groups showed no significant differences on Fisher's Exact tests in age (P ¼ 0.24), proportion with a prenatal diagnosis (P ¼ 0.34), frequency of speech delay (P ¼ 0.79), rates of special education (P ¼ 0.48), or adaptive composite (82 vs. 81, P ¼ 0.78). The research group had a significantly lower FSIQ compared to the clinic group (85.6 AE 16 vs. 95.4 AE 14, P ¼ 0.04), which is opposite to what would be expected if the clinical group was more affected. Thus, it was felt that including data from the clinical population provided the most comprehensive data as long as biases were considered.
Diagnosis of 47, XXX
The age at diagnosis and the indication for genetic testing are presented in Figure 1 and Table II . Common indications for prenatal testing included advanced maternal age (n ¼ 36, 81.8%) and abnormal serum alpha fetoprotein (AFP) screen (n ¼ 3, 6.8%). For three subjects, genetic testing was performed after anatomic abnormalities were identified on prenatal ultrasound including ventriculoseptal defects and clubfoot (n ¼ 1), prominent nuchal fold (n ¼ 1) and a two-vessel umbilical cord (n ¼ 1). Among participants with postnatal ascertainment, the most common primary indication for genetic testing included developmental delay (n ¼ 19, 63%) and learning disability (n ¼ 4, 13%). Less common primary indications included: behavioral difficulties (n ¼ 2, 7%), hypotonia (n ¼ 1, 3.5%), dysmorphic features (n ¼ 1, 3.5%), and other (n ¼ 3, 10%). For the three subjects with "other" reasons, concerns included: failure to thrive (n ¼ 1), short stature (n ¼ 1), and a history of neuropathy and developmental delays (n ¼ 1). Twelve (40%) participants had more than one indication for genetic testing including a combination of developmental and physical features.
Eight percent (n ¼ 6) in the postnatal diagnosis group were diagnosed at less than 1 year of age, and these cases were associated with more significant medical problems and dysmorphic features noted at the time of birth (i.e., cleft palate/Pierre Robin sequence, congenital heart malformation, or hemihypertrophy), or significant early motor delays. Approximately 37% (n ¼ 11) in the postnatal diagnosis group were diagnosed between 1 and 5 years of age. The majority in this age group underwent genetic testing due to the presence of speech or motor delays. Four subjects in this age group received genetic testing following the diagnosis of an autism spectrum disorder. Approximately 33% (n ¼ 10) of patients were diagnosed between ages 6 and 12 years, primarily as part of the evaluation for learning and/or behavioral problems, although all individuals in this group frequently had a history of developmental delays that had not previously prompted genetic testing. Four percent (n ¼ 3) were diagnosed after 13 years of age when evaluated for a longstanding history of learning disabilities and/or mental health problems.
Physical Examination Findings
Growth parameters and physical exam features are presented in Table III . Mean heights in the 6-12 years and 13þ year age groups were approximately one standard deviation above the mean height for age. Mean adult height (defined as height at age 18 years or older) was 171 cm or 5 ft 7.3 in (n ¼ 6, SD 7.7 cm, range 157-179 cm). Common physical features across all age groups include hypertelorism, epicanthal folds, 5th digit clinodactyly, pes planus, and hypotonia. Several features varied with age. Epicanthal folds, hypertelorism, pes planus, and hypotonia were more commonly noted in females in the 0-5 year age group. Conversely kyphoscoliosis and tremor tended to increase with age. Figure 2 shows common facial and physical features of girls with Triple X syndrome.
Medical Features and Medications
A summary of common medical features is presented in Table IV . Eighty-eight percent (64/72) of infants were born at term, with the average birth weight of 3.086 kg (6 Lbs 12 oz). Twenty-three percent (17/72) had a history of a congenital anomaly including cleft lip or palate or velopharyngeal insufficiency (n ¼ 3), cardiac defect (n ¼ 6), renal or genitourinary abnormality (n ¼ 9), and club foot (n ¼ 2). Early feeding problems including poor latch or suck and slow feeding were present in 34% (25/73) of infants. Overall, seizures were present in 16.2% of participants. Seizures remained significantly more frequent in the postnatal group after corrections for multiple comparisons. Seizure types included partial complex seizures or generalized tonic clonic seizures. Of females with a history of seizures, six had abnormalities on EEG including spike wave epileptiform discharges and diffuse slowing. All participants with seizures and EEG abnormalities were on anticonvulsants at the time of evaluation (n ¼ 6, 8.1%). The other most common medical features included dental disorders (44.4%), constipation (45.9%), environmental and food allergies (28.4%), and functional abdominal pain (18.9%). Thirty percent (22/73) reported frequent respiratory infections and this was the most common reason for hospitalization among all subjects. Median age of menarche was 12 years (n ¼ 18, range 9-14 years) which corresponds to national data on age of menarche [Chumlea et al., 2003 ]. There were no girls who had experienced premature ovarian failure, although the maximum age in our cohort was 24. Approximately 20% (n ¼ 15) of all participants were on psychotropic medications at the time of evaluation and 33.7% (n ¼ 25) were on other medications as presented in Table V . Other common medications included treatments for constipation, asthma, or allergies.
Neuroimaging
Thirty five percent (26/74) of participants had previously obtained neuroimaging as part of an evaluation for seizures, hypotonia, or developmental delays. Review of MRI reports for subjects with Congenital heart defects included: atrial septal defect (n ¼ 3) and ventricular septal defect (n ¼ 5). c Genitourinary abnormalities included: cystic dysplastic kidneys (n ¼ 4), unilateral kidney (n ¼ 1), ureter malformation (n ¼ 1), bilateral hydronephrosis (n ¼ 3).
d Robinson et al. [1979 Robinson et al. [ , 1990 , Otter et al. [2010] , Tartaglia et al. [2007] . Ã P ¼ 0.05 or less. ÃÃ Result remained statistically significant after correction for multiple comparisons. identified abnormalities included findings of frontal or subcortical white matter abnormalities (n ¼ 4) and generalized volume loss (n ¼ 1). Neuroimaging revealed incidental findings in two subjects including a pineal gland cyst (n ¼ 1) and a colloid cyst within the 3rd ventricle (n ¼ 1).
Neurodevelopmental and Psychiatric Conditions
Among all participants, average age of milestones including first steps was 15.3 months (n ¼ 57, SD ¼ 3.2 months, range 10-25 months) and first word was 12.9 months (n ¼ 37, SD 4.3 months, range 7-24 months). Rates of neurodevelopmental and psychiatric diagnoses and results of cognitive and adaptive testing are presented in Table VI . Speech delays were common in both groups (69.0% vs. 76.7%, P ¼ 0.438). Rates of autism spectrum disorders were higher in the postnatal group (4.5% vs. 20.0%, P ¼ 0.055). Both groups scored in the average range on tests measuring early cognitive and developmental skills. There was a trend toward higher fine motor scores among the prenatal group (P ¼ 0.054). The discrepancy between the higher frequency of reported developmental delays among the postnatal group and average test scores on direct assessment is likely related to the small number of participants in the postnatal group with early developmental testing available. These participants with early developmental testing were diagnosed on the basis of medical features (e.g., hemihypertrophy and cleft palate) that may not be associated with developmental problems. Among participants with early developmental testing, receptive language scores were higher than expressive language scores (P < 0.001) and fine motor scores were greater than gross motor scores (P <0.001). About half (39/ 74) of participants received early intervention services.
Learning disabilities (LD) such as dyslexia, language based LD and math specific LD (39.1% vs. 36.3%, P ¼ 1.00) and ADHD (52.2% vs. 45.5%, P ¼ 0.768) were common among our participants with Triple X and were similar between the prenatal and postnatal diagnosis groups. Overall rates of ID were low (13.3%), Several participants had more than one psychiatric disorder. c Anxiety disorder includes generalized anxiety disorder, separation anxiety, or obsessive compulsive disorder with anxiety. Ã P ¼ 0.05 or less. ÃÃ Remained statistically significant after correction for multiple comparisons (P < 0.0045).
and 5 of the 6 females with ID were postnatally diagnosed. Among all participants cognitive scores were in the low average range (see Table VI ). There was not a significant difference between Verbal and Performance IQ (P ¼ 0.175). Participants in the prenatal diagnosis group had higher mean verbal IQ (P < 0.001), GAI (P ¼ 0.004), and working memory (P ¼ 0.005). The prenatal group also had higher composite scores on adaptive testing (P < 0.001). In the postnatal group, composite scores of adaptive functioning were lower than GAI (P ¼ 0.045). After adjusting for multiple comparisons, the postnatal group still had lower VIQ, GAI, and Adaptive Composite scores. Among females in the postnatal diagnosis group, there was not a significant difference in GAI scores between females with a seizure disorder and those without a seizure disorder (Mann Whitney test, P ¼ 0.34). Among all participants age 5 years or greater, 64.4% (n ¼ 29) received special education supports in school.
Approximately 38% of participants met DSM-IV criteria for a psychiatric disorder including anxiety (19.5%), depression or dysthymic disorders (17.8%), or Bipolar Disorder or Psychotic Disorder (13.3%). Rates of these disorders were not significantly different between the prenatal diagnosis group and the postnatal diagnosis group.
DISCUSSION
Prior to discussion of study results, it is important to note that the results and percentages reported are those found in the group of participants in this study. Given the high incidence of Triple X in the general population (estimated at 1:1,000 females) and the low rate of diagnosis, it is likely that the results identified in this cohort are not representative of the entire population of individuals with Triple X. These limitations apply to both ascertainment groups (prenatal and postnatal) as many older females in the prenatal diagnosis group have sought clinical care for ongoing health, developmental, or behavioral concerns. However, to our knowledge this is the largest cohort of females with Triple X syndrome described to date, and thus include valuable data and comparisons as long as limitations of ascertainment and recruitment biases are considered.
Overall, our findings are in concordance with features described in previous prospective studies of females with Triple X syndrome including tall stature, language delays, and anxiety [Linden et al., 1988; Nielsen, 1990; Ratcliffe et al., 1990; Robinson et al., 1990] . Our results build on previous studies by expanding associated medical features and incorporating current neurodevelopmental diagnoses. We also directly compared features by time of ascertainment (prenatal vs. postnatal) to highlight key similarities and differences and to help guide counseling for families with either a prenatal or postnatal diagnosis.
Nearly 60% of participants in our study were ascertained prenatally and the vast majority of those (86.4%) were identified after screening based on advanced maternal age. The incidence of Triple X syndrome is weakly associated with increased maternal age [Ferguson-Smith and Yates, 1984] . More widespread use of prenatal diagnostic testing and development of non-invasive prenatal testing strategies such as cell free fetal DNA will likely increase the number of prenatally diagnosed cases [Lalatta and Tint, 2013; Hooks et al., 2014] . Indeed, the diagnosis of SCAs is usually not the primary diagnosis of interest in prenatal genetic testing. Nevertheless, once a SCA is identified, practitioners are faced with counseling parents of a Triple X syndrome fetus regarding the prognosis and treatment of affected females. Given these factors, it is crucial to equip practitioners and genetic counselors with comprehensive information regarding associated features and outcomes. See further genetic counseling recommendations in Box 1 and clinical treatment recommendations in Box 2. Comparisons between the prenatal and the postnatal groups demonstrate a general finding of improved outcomes and fewer medical features in the prenatal group. This affirms previous reports from a smaller sample [Linden et al., 1988] . Reasons for this finding include that females in the prenatal diagnosis group are likely more representative of the phenotypic spectrum including more mildly affected females, compared to the postnatal group who are ascertained due to some developmental or medical concerns. Because prenatally diagnosed females are identified before birth, they are also more likely to receive early developmental screening and interventions, and to benefit from educational supports initiated due to knowledge of their genetic condition. Comparisons of outcomes in participants who had and had not received early intervention therapies were not performed in this study due to the variability of criteria for qualification for early intervention service between States in the United States, the retrospective nature of this type of data, and also because some participants may not have needed early intervention which complicates data interpretation.
While previous studies have attributed improved outcomes to higher socioeconomic status in those with a prenatal diagnosis [Linden and Bender, 2002] , differences in SES were not significant between the prenatal and postnatal samples in this study. This finding emphasizes the importance of a supportive environment and close developmental follow-up from birth. Further research is needed to better analyze the factors associated with SES that may contribute to outcomes, such as parental cognitive abilities or increased access to services. Finally, the increased rate of intellectual disability and seizures in the postnatal group is important as these are likely an indicator of more significant abnormalities in brain connectivity.
Ascertainment and recruitment biases are always considerations in SCA research and limit our ability to generalize our findings to an unselected population of all females with Triple X syndrome. Our study participants were recruited primarily through postings on support sites for Triple X syndrome and through an interdisciplinary clinic for SCA. In general, it is assumed that patients recruited from a neurodevelopmental clinic are likely to have more significant neurodevelopmental involvement and, thus, represent more severely affected individuals. However, given the paucity of SCA clinics specializing in medical or psychological differences in Triple X, parents often seek evaluation (whether clinical or research) for the opportunity to talk with professionals experienced with Triple X regardless of the severity of their child's symptoms. Another subgroup of clinical patients are infants or young children with a prenatal diagnosis who have not developed clinical concerns but who are seeking clinical care for general developmental monitoring. Further, while a "pure" research sample may be considered less biased, those who choose to participate in research may be families with children who are having more difficulties and are more involved with support organizations. Additionally, in the absence of cytogenetic newborn screening for SCAs, currently practitioners encounter females with Triple X syndrome in either prenatal or postnatal diagnosis scenarios. Hence, describing females in these two clinical groups is relevant as it can equip practitioners to evaluate and treat affected females and effectively counsel families in common clinical situations.
Another consideration is that approximately 50% of the study group was less than 5 years of age at the time of evaluation and, thus, were not included in comparisons of neurodevelopmental and psychiatric diagnoses. These participants received age appropriate measures of developmental functioning (Bayley Scales of Infant Development or Mullen Scales of Early Learning) which were not significantly different between prenatal and postnatal groups with the exception of fine motor skills. These younger participants also provided important information regarding clinical ascertainment, anthropometrics, and physical exam features which are often age-dependent, and medical features present in early childhood. Longitudinal and prospective research in Triple X is needed throughout the lifespan, and the increasing population of prenatally identified infants through non-invasive prenatal screening provides an opportunity for these studies.
The low percentage of minorities in this study is likely due to many factors, including under-ascertainment in minority populations, and recruitment through support groups that are largely Internet-based and, thus, may be less accessible to minorities of lower socioeconomic status. Efforts and strategies to improve inclusion and participation of underrepresented minorities is greatly needed in SCA research.
The phenotype of Triple X syndrome is likely explained in part by over expression of genes that escape X inactivation. However, the specific genes involved have not yet been identified. Neuroimaging studies have demonstrated females with 47, XXX have reduced whole brain and frontal-temporal volumes, decreased white matter, and changes in cortical density Box 1. Genetic Counseling for Triple X syndrome How does Triple X occur? It arises from a non-disjunction event resulting in an additional X chromosome, most commonly maternal in origin (90% maternal vs. 10% paternal). Of the maternal non-disjunction events, approximately 60% occur during meiosis I (associated with advanced maternal age), 20% during meiosis II, and 20% after fertilization as a post-zygotic mitotic non-disjunction event [Jacobs et al., 1988] .
Can Triple X be mosaic? Because mitotic non-disjunction events can occur after fertilization, these cases may be commonly associated with mosaicism, such as 47, XXX/45, X or 47, XXX/46, XX. Further medical evaluation and genetic counseling may be indicated, depending on which type of mosaicism is present, especially if there is a 45, X cell line.
Why do the features associated with Triple X occur? In typical 46, XX females, one X chromosome is randomly inactivated in all cells within the body, however an estimated 5-10% of X chromosome genes escape inactivation and are expressed from both X's. Females with 47, XXX have two inactive X chromosomes and one active X chromosome, however genes that escape X-inactivation are expressed from all 3 X chromosomes. It is hypothesized that this over expression of genes leads to the phenotypic features of Triple X. For example, the SHOX gene on the X escapes X-inactivation and over expression is related to tall stature in Triple X [Ottensen et al., 2010] . Many X chromosome genes are involved in neurodevelopment.
What should a genetic counseling session for Triple X syndrome include? Genetic counseling should address the possible medical, developmental, and psychological features as outlined in this study and other published reviews [Legett et al., 2010; Otter et al., 2010; Tartaglia et al., 2010] , relevant to the age of the child at the time of diagnosis and evaluation. The low ascertainment rates (approx. 10%) in comparison to incidence (1:1,000 female births) and the variability of the phenotype between females with Triple X should be discussed. If a prenatal diagnosis, couples should be informed that: (i) there is no known increased risk of miscarriage of baby with Triple X; (ii) facial and physical appearance of girls and women with Triple X is usually normal or very subtle; and (iii) children diagnosed prenatally may have higher IQ and adaptive skills compared to postnatal cases, however the risk for speech delays or learning disabilities are still present. Evaluation and treatment recommendations as detailed in Box 2 should be presented. The genetic counselor should also discuss considerations when disclosing the diagnosis to their daughter, family members, and other important parties (such as their school team), with further details and resources described in Dennis et al. [2015] . Resources should be provided.
What are some common struggles of receiving a Triple X syndrome diagnosis? Couples presented with a prenatal diagnosis of Triple X may not have been prepared for this under-recognized diagnosis. Couples commonly struggle with understanding the significant variability in the phenotype, and the uncertainty of whether their daughter will exhibit any or all of the associated features. It is important for parents to appreciate the significant role of other family genes inherited, stressing that the child's prognosis is relative to their entire genetic makeup, as well as the impact of factors such as home environment, educational supports, etc. Parents often find relief in knowing how to find help for associated problems if they do occur. Parents presented with a postnatal diagnosis may struggle with understanding their daughter in the context of the new diagnosis, although many find relief in understanding many of her symptoms.
What supports and resources are available? The main parent advocacy organization for Triple X in the United States is AXYS (www.genetic.org), which offers many educational materials, family conferences, social media sites, and regional support groups. Many families find it helpful to talk with other parents of girls with Triple X. In prenatal cases it is helpful to show real-life photographs (Fig. 1 ) rather than those in outdated medical publications. [Warwick et al., 1999; Lenroot et al., 2014] . Many of these involved regions are important in language, executive function, social behavior, and anxiety, which are commonly affected in 47, XXX [Lenroot et al., 2014] . The specific mechanisms by which genes from the supernumerary chromosome influence brain development to yield such neuroanatomical differences remain poorly understood.
As previous researchers have suggested [Linden et al., 1988] inherently unique feature of Triple X syndrome. Rather, due to increased use of genetic testing more individuals with mild or atypical phenotypes of many genetic conditions have been identified. The factors contributing to this phenotypic variability is of great interest to providers and to families with a prenatal diagnosis, yet is also multifactorial and involves a complex interplay of genes and environmental influences. A multitude of chromosomal regions and genes have been implicated in learning disabilities [Haworth and Plomin, 2010] and psychiatric disorders [Sullivan et al., 2012] . Background genetic and familial influences also play a role. In a study of males with the sex chromosome trisomy XXY, those with a family history of learning disabilities tended to have poorer neurodevelopmental outcomes [SamangoSprouse et al., 2013] . The addition of supernumerary X chromosome in individuals already at risk for cognitive and mental health problems due to other affected genes may result in poorer outcomes. Environmental factors also modulate outcomes as Bender et al. [1987] demonstrated that children with SCAs reared in an unstable home environment had worse psychosocial adaptation and more developmental disorders. Positive environmental factors such as family support and increased developmental surveillance may help build resiliency and increase intervention for emerging developmental problems at an earlier age, potentially leading to improved outcomes. Overall, while prenatally diagnosed cases generally have better cognitive and adaptive functioning, all girls with Triple X are at risk for neurodevelopmental and socialemotional difficulties that require ongoing screening and various supports throughout into adulthood.
